Background: Consanguineous marriages are common in the Middle East including the Gulf countries. The rate of consanguinity in Qatar is approximately 54%, which are mainly first cousins' marriages. Previous studies showed that consanguinity increases the prevalence of birth defects and other genetic disorders. Thus, we studied the effects of consanguinity in a cohort of subjects with certain genetic disorders in Qatar. Methods: This cross-sectional study was conducted at two centers in Qatar (Hamad Medical Corporation "HMC" and Shafallah "SC") including 599 Qatari families with certain types of genetic and nongenetic anomalies. Results: Consanguineous marriages were seen in 397 of 599 (66.2%) Qatari families and first cousin group counts for 65% in Qatari population. In the total cohort and at HMC, all consanguineous marriages had a significantly higher risk of Autosomal Recessive disorders than nonconsanguineous marriages (total cohort: odds ratio (OR) = 1.72; 95% CI: 1.10, 2.71; p = .02; HMC: OR = 2.98; 95% CI: 1.37, 6.09; p = .005). On the other hand, at HMC, nonconsanguinity was significantly related to chromosomal abnormality (OR = 6.36; 95% CI: 1.13, 35.85; p = .036). Conclusion: Our data suggest a significant role of parental consanguinity in increasing the prevalence of genetic disorders; mainly Autosomal Recessive disorders.
Masri, Al-Hadidy, & Ajlouni, 2007) . The significant improvement in the health care system in Qatar and other Gulf States has led to the eradication of infectious and malnutrition disorders; however, it has made genetic disorders the leading cause of mortality and morbidity in those countries (Hamamy et al., 2007; Majeed-Saidan et al., 2015) .
In Qatar, Bener et al reported that the rate of consanguinity is relatively high with a rate of 54%, and predominantly first cousin marriages comprising 26.7% of all marriages (Bener & Alali, 2006) . This significantly raises the risk for genetic disorders in the Qatari population among consanguineous marriages. The study indicated that this is due to the strong relationship to the social and cultural contexts that reproduce those conditions (Bener & Alali, 2006) .
The marriage is an influential element in the family, and it is the basis of family configuration in ancient and modern societies. Society regulates marriage in multiple ways through the development of specific rules regarding the selection of a partner. In some societies, individuals are prevented from marrying anyone who is not a member of the large family group; also known as internal marriage (Endogamy). On the other hand, other societies prevent a member of the group from marrying anyone within the group; also known as external marriage (Exogamy). In such case, an individual is only allowed to marry from outside the community kinship. These rules are not contradictory as long as they relate to two different groups. Thus, internal and external marriages may appear within the same society (Bener & Alali, 2006; Bittles & Black, 2010; Hamamy, 2012; Tadmouri et al., 2009 ). This pattern is still widespread in many societies despite differing cultures, though it is a marked feature of traditional societies.
Furthermore, despite the emergence of multiple forms of marriage and even relationships outside marriage, there are studies showing that variables such as social and economic characteristics, class and social status, race, age, parents, and friends, still influence the choice of a spouse or partner (Ross, 1997) .
A study by Bener et al showed also that consanguinity had a slightly higher risk for diseases such as diabetes mellitus, cancer, blood and mental disorders, heart diseases, asthma, gastro-intestinal disorders, hypertension, hearing deficit, Glucose 6 Phosphate Dehydrogenase (G6PD), and common eye diseases (Bener & Mohammad, 2017) .
Several studies showed that consanguinity leads and contributes to an increase in the rate of Autosomal Recessive genetic disorders El-Shafei, Rao, & Sandhu, 1986; El Mouzan, Al Salloum, Al Herbish, Qurachi, & Al Omar, 2008; Hamamy et al., 2007; Hoodfar & Teebi, 1996; Kerkeni, Monastiri, Saket, Guediche, & Ben Cheikh, 2007) .
In contrast to international databases, the updated Catalogue for Transmission Genetics in Arabs (CTGA) showed that the vast proportion of the disorders in the CTGA Database follow a recessive mode of inheritance (61.7%) compared to the minor proportion of dominantly inherited traits (30.8%, Catalogue for Transmission Genetics in Arabs, 2017). However, as far as we know there is a paucity of studies worldwide and specifically in Qatar that looks at the relationship between consanguineous marriages and specific relatedness on one hand, and genetic disorders on the other hand.
Thus, in this study we will investigate the effects of consanguinity and specific relatedness in a cohort of subjects with certain genetic disorders in two centers in the state of Qatar.
| MATERIALS AND METHODS

| Participants
All participants that met the inclusion criteria and consented to participate into the study were recruited between August 2012 and August 2013. As part of this crosssectional study, etiological categories and consanguinity rates were studied among 599 Qatari families with certain anomalies seen at two centers: the Clinical and Metabolic Genetic Section (CMGS), Department of Pediatrics at Hamad Medical Corporation (HMC), which is the only referral center in Qatar, and Shafallah Center (SC), which is a rehabilitation school. We present here a comparative analysis for each center because they receive different cohort of patients, where HMC is the main tertiary care center for diagnosis and management for genetic disorders, whereas SC is mainly for rehabilitation that also includes cases with nongenetic disorders. Most patients seen at SC were diagnosed with a variety of disorders ranging from developmental delay/intellectual disability, autism, Down syndrome, cerebral palsy, and so on. In this study, the patients with age less than or equals to 14 years are classified as pediatric population (56%) and patients aged more than 14 years as adult population (44%).
The participant's ages ranged between 1 and 58 years (with a mean of 13.2 ± 7.4 years) with male to female ratio 1.4:1 (58.8% male, 41.2% female). Father's and mother's education more than secondary school was found to be 28.1% and 28.5%, respectively, and approximately 80% of fathers and 29% of mothers were employed (Table 1 ).
| Data collection
We collected and analyzed a large set of clinical data, genetic disorders, and other related data at HMC and SC. We interviewed all the 200 patients/families from HMC and recorded and documented several factors and collected data from the patients' medical files. We also collected relevant data from 399 Patients were classified mainly into four etiological groups: Group 1-Included patients with Autosomal Recessive (AR) disorders, all AR disorders have been confirmed by molecular studies and follow AR inheritance; Group 2-Included patients with Autosomal Dominant (AD) disorders; Group 3-Included X-linked; and Group 4 included chromosomal disorders. However, Group 5 included a large "unclassified" patient. The phenotypes in the group of undiagnosed disorders were heterogeneous, and in most of them thorough investigations were done including exome sequencing (see Table 1 ).
Consanguineous marriages were divided into six categories according to the degree of consanguinity: first cousin maternal; first cousin paternal, first cousin unknown, double first cousin, second cousin, same family tribe.
The data collected from these patients are divided into two main sections. The first section discusses the general patient characteristics and the relationship between consanguinity and demographic factors. The second section discusses the relationship between consanguineous marriages and level of relatedness, and specific categories of genetic disorders for each center (HMC and SC) separately and for the total cases together.
We incorporated both quantitative and qualitative analyses into the research design and have explored the association between consanguinity and genetic disorders using data obtained from medical records and in-depth interviews. Between August 2012 and August 2013 all Qatari families who attended the outpatient Genetic Clinics at HMC, and patients attending SC, who agreed to consent for the study were recruited. Some families refused to disclose some of the information about their demographic and marriages background (e.g., paternal or maternal cousins), thus, the classification of relatedness among consanguineous families included nondefined cousins. The study was approved by the ethics committee of HMC (Ref No. RC/64512/2012).
| Statistical analysis
A well-structured data capture form, in view of the research study design and the objectives, was designed and created to collect all required data. Quality of data (review of completeness, data verification, validation and accuracy, security, and confidentiality of data) were performed and maintained by the lead research investigators. Categorical and continuous data values were expressed as frequency (percentage) and mean ± SD or median and inter quartile range (IQR) as appropriate. Descriptive statistics were used to summarize demographic, genetic disorder, and disease and other clinical characteristics of the participants. The association of specific categories of genetic disorders with consanguineous and nonconsanguineous marriages were analyzed and compared using Chi-squared (χ 2 ) test or Fisher exact test as appropriate. All the results were presented with the associated 95% confidence interval.
The associations of the various genetic disorders and participants' characteristics with consanguinity were assessed applying univariate logistic regression analysis using dichotomous outcome variable: consanguineous marriages and nonconsanguineous marriages in one hand, and various genetic disorders (Autosomal Recessive, Autosomal Dominant, X-linked, chromosomal disorder, undiagnosed), age and gender as independent variables or covariates on the other hand. Multinominal logistic regression analysis was also employed to test for relatedness (first cousin maternal; first cousin paternal, first cousin unknown, double first cousin, second cousin, same family tribe) as an independent variable, where the reference point was nonconsanguineous, using dichotomous outcome variable (being diagnosed with genetic disorder vs. not) as the dependent variable. Univariate and logistic regression results were presented in terms of odds ratio (OR) along with the corresponding 95% CI.
All p values presented were two-tailed, and p < .05 was considered as statistically significant. All Statistical analyses were done using statistical package SPSS 26.0 (SPSS Inc).
To investigate the differences between consanguinity and nonconsanguinity we calculated the pooled odds ratio of both studies in both institutions, HMC and Shafallah, for each genetic disorder, age, and gender. Meta-analysis was conducted using Comprehensive Meta-Analysis (CMA) software (Borenstein, Hedges, Higgins, & Rothstein, 2005) . Effect sizes are reported as Odds ratio with 95% confidence intervals for each study and the pooled Odds ratio with 95% confidence intervals for the total. The difference (Cohen's d) compares the individual study's odds ratio to the overall. A d of 0.20 is a small, 0.50 medium, and 0.80 or more a large effect (Cohen, 1988) . Effect sizes were analyzed using the fixed-effects model. The distribution of effect sizes was examined using tests of heterogeneity. Significant heterogeneity indicates that differences across effect sizes are likely due to sources other than sampling error.
| RESULTS
Of 599 patients, consanguineous marriages were seen in 397 (66.2%) in comparison to 189 (31.6%) nonconsanguineous marriages and 13 patients with unknown consanguinity (2.2%). Some values were observed to be either missing or unknown for some parameters and therefore sums are not equal to 599 for some variables.
| Relationship between consanguinity and demographic factors
Mothers from consanguineous marriages at HMC were more likely to be unemployed (unemployed: N: 96/135, 71.1% vs. employed: N: 21/41, 51.2%) (χ 2 (1, N = 176) = 5.58, p < .05; OR = 2.34; 95% CI: 1.15, 4.81) and to have lower education (B = −0.052, R 2 = .022, p < .05) compared to mothers from nonconsanguineous marriages.
For SC, mothers from consanguineous marriages were more likely to be unemployed (unemployed: N: 167/237, 70.5% vs. employed: N: 83/137, 60.6%) (χ 2 (1, N = 374) = 3.82, p < .05; OR = 1.55; 95% CI: 0.99, 2.42) compared to mothers from nonconsanguineous marriages. The results on education were not significant (B = −0.030, R 2 = .008, p = .091).
For the total sample, mothers from consanguineous marriages were more likely to be unemployed (unemployed: N: 263/372, 71.7%; employed: N: 104/178, 58.4%) (χ 2 (1, N = 550) = 8.17, p < .01; OR = 1.72; 95% CI: 1.18, 2.49) and to have lower education (B = −0.035, R 2 = .010, p < .05) compared to mothers from nonconsanguineous marriages.
No significant relationship between father's occupation status and level of education in one hand and consanguinity on the other hand were found.
| Effect of consanguinity on genetic disorder among cases treated at HMC
At HMC, among the consanguineous marriages, 66 (45.5%) have Autosomal Recessive conditions, 5 (3.4%) have Autosomal Dominant, 2 (1.4%) have X-linked, 2 (1.4%) have chromosomal disorders, and 76 (52.4%) have undiagnosed conditions. Consanguineous marriages had significantly higher risk of Autosomal Recessive disorder compared to nonconsanguineous marriages (Table 2) .
In contrast, no significant differences were found for undiagnosed disease, X-linked and Autosomal Dominant between nonconsanguineous and consanguineous marriages. On the other hand, nonconsanguineous marriages were more likely to have chromosomal abnormality compared to consanguineous marriages (Table 2) .
A univariate logistic regression was applied to assess the association between consanguinity and genetic conditions. The consanguineous marriages have 2.9 times increased risk of developing Autosomal Recessive disorders. On the other hand, nonconsanguineous marriages were significantly related to chromosomal abnormality with increased risk of 6.36 (Table 2 and Figure 1 ). There were no significant differences between young (<14 years) and adults (>14 years) within consanguineous and nonconsanguineous families for each genetic disorder (Table 3) .
Multinominal logistic regression was performed to investigate whether specific level of relatedness (first cousin maternal; first cousin paternal, first cousin unknown, double first cousin, second cousin, same family tribe) in comparison to nonconsanguinity predicts mode of inheritance of genetic condition or not. It was found that Autosomal Recessive disorder was more likely to be predicted by paternal first cousin (OR: 3.70; 95% CI: 1.44-9.52; p = .007), double first cousin (OR: 6.17; 95% CI: 1.25-30.32; p = .025), and general first cousin (OR: 4.44; 95% CI: 1.49-13.23; p = .007) in comparison to nonconsanguinity. The rest of the relatedness levels were not significant for Autosomal Recessive disorder.
None of the other mode of inheritance of genetic conditions was predicted by specific relatedness level.
| Effect of consanguinity on genetic disorder among cases treated at SC
At SC, among the consanguineous marriages there were 44 (17.5%) with Autosomal Recessive conditions, 2 (0.8%) with X-linked, 109 (43.3%) chromosomal disorders, and 97 (38.5%) with undiagnosed conditions (Table 4 ).
F I G U R E 1 Meta-analysis for the specific odds ratio (95% confidence interval "CI") of each study (institutions: Hamad Medical Corporation [HMC]
and Shafallah Center [SC]) and the total pooled odds ratio for each genetic disorder, age, and gender with regards to their relationship to consanguinity Note: Overallp = .247 (χ 2 = 5.42), Overallp = .808 (χ 2 = 0.97).
T A B L E 3 Consanguinity, and genetic disorder by age groups (HMC data)
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No significant differences between consanguineous and nonconsanguineous marriages were observed for all genetic disorders.
Among consanguineous and nonconsanguineous marriages, the percentage of chromosomal disorders was significantly lower among adults as compared to the pediatric subjects. On the other hand, adults have higher undiagnosed disorder compared to the pediatric group among consanguineous marriages (Table 5 ).
In addition, among nonconsanguineous marriages the percentage of Autosomal Recessive was significantly higher among adults as compared to the pediatric group (Table 5) .
With regards to relatedness effect on genetic disorders, the multinominal logistic regression analysis showed that undiagnosed disorder was more likely to be predicted by first cousin (OR: 4.40; 95% CI: 1.29-15.05; p = .018) in contrast to nonconsanguineous marriages. The rest of the relatedness levels were not significant for undiagnosed disorders. None of the other mode of inheritance of genetic conditions was predicted by specific relatedness level.
| Effect of consanguinity on various genetic disorders in the total cohort cases
We calculated the overall pooled odds ratios for each genetic disorder across both institutions (HMC and SC, Figure 1 ). Overall odds ratio for Autosomal Recessive disorders was significantly associated with consanguinity. Consanguineous marriages had approximately two times increased risk of developing Autosomal Recessive disorders compared to nonconsanguineous marriages.
On the other hand, nonconsanguineous marriages had a significant higher risk of chromosomal disorders compared to consanguineous marriages.
No significant differences were found for undiagnosed disease, X-linked and Autosomal Dominant, age, and gender Note: Overallp = .009 (χ 2 = 11.51), Overallp = .018 (χ 2 = 8.02).
Abbreviation: SC, Shafallah Center. a Pearson Chi-squared and Fisher Exact tests between nonconsanguineous and consanguineous marriages. The heterogeneity was not significant within each genetic disorder (Table 6 and Figure 1 ).
| DISCUSSION
Our results clearly demonstrate that consanguinity is indeed a major risk factor in the occurrence of Autosomal Recessive diseases. The relatedness analysis showed that the Autosomal Recessive disorder group was more likely to be predicted by paternal first cousin, double first cousin, and first cousin in the HMC data. In contrast, chromosomal abnormality was significantly related to nonconsanguinity in HMC but not SC. Chromosomal abnormality was also more common among pediatric patients compared to adults in consanguineous and nonconsanguineous marriages in SC but not HMC, which could be attributed generally to chromosomal abnormalities mostly diagnosed in this pediatric age group (≤14 years).
Adults, on the other hand, were more likely to be undiagnosed (in consanguineous marriages) and to have Autosomal Recessive (in nonconsanguineous marriages) at SC compared to pediatric patients. This can be explained by the fact that the phenotype is usually atypical or milder in the age group above 14 years, thus, reaching a definitive diagnosis is more challenging.
These differences between the centers could be attributed mainly due to the fact that the two centers (HMC and SC) received different types of cases. HMC is the main tertiary care center for diagnosis and management for genetic disorders and the data were also collected through direct interviews with patients and through their medical record files. On the other hand, SC is mainly for rehabilitation that also includes cases with nongenetic disorders and the data were collected only by accessing the patients' record file. Thus, there are obviously differences in the referral patterns and the nature of the patients among the two centers.
The effect of consanguinity on various genetic disorders in the total cohort cases confirmed our findings.
Many previous studies in the region have established the link between marriage practices and genetic disorders. In a recent study in Saudi Arabia, researchers indicated that the percentage of birth defects was as high as 54.5% in a consanguineous group (Majeed-Saidan et al., 2015) . Another study from Tunisia reported consanguineous marriages to have a relatively higher risk of producing offspring with genetic disorders, caused by the expression of rare recessive genes inherited from common ancestors, than that of the general population (Khlat & Khoury, 1991; Teebi, 1994) . On the other hand, in an Egyptian study, it was reported that consanguinity has no significant effect in Autosomal Dominant disorders (Shawky, Elsayed, Ibrahim, & Seifeldin, 2012) . Another study from Jordan, reported that approximately 30% of sporadic undiagnosed cases of mental retardation, congenital anomalies, and dysmorphism may have an Autosomal Recessive etiology with risks of recurrence in future pregnancies (Hamamy et al., 2007) . It has also been noted that the appearance of rare syndromes such as Joubert syndrome is highly concentrated in particular tribes and families in the United Arab Emirates .
There are no studies of this type concerned specifically with the Qatari society, where our observations strongly suggest that there is an increased risk of genetic disorders if parents are consanguineous. The objective of this study is to understand the role of consanguinity in specific categories of genetic disorders in the Qatari population. Qatar represents many aspects of the Arab Gulf countries in relation to its small population and historically high preference for consanguineous unions. Consanguineous marriages are also recognized as being associated with higher risk for Autosomal Recessive diseases than in the general population (Kumaramanickavel, Joseph, Vidhya, Arokiasamy, & Shridhara Shetty, 2002; Taillemite et al., 1985 ; World Health Organization, Regional Office for the Eastern Mediterranean, 1997) by favoring the expression of recessive deleterious alleles. This study mainly focusses on the relationship between marriage between relatives, and genetic diseases among Qataris. This study will help in reducing the health effects of marriage between relatives and recommend developing public health policies in Qatar in the long run.
The results also indicate that first cousin marriages, especially paternal ones, could be a risk factor for Autosomal Recessive disorder. We only speculate that this could be due to the fact that the Qatari society is a patriarchal one where paternal cousin marriages are more likely to happen and more predominant. This pattern could have started several generations back in the life of the current patients (e.g., their parents, grandparents, and great grandparents). In addition, mothers from consanguineous marriages were more likely to be unemployed and have lower educational levels compared to mothers from nonconsanguineous marriages. We can speculate that unemployed females with lower educational level may lack the knowledge of the dangers and consequences of consanguineous marriages. They may also have limited social networks with most of their social life taking place within the same extended family. Thus, they are more likely to marry from the same family tribe compared to those who are employed and are educated to a lower level. In addition, it is possible that parental influence plays a bigger role among unemployed females with lower educational levels. Age also was a vital factor to explain some of the differences at one of the centers.
Thus, future interventions and policies should take into account these socioeconomic and demographic factors.
The results of the study can help to inform public knowledge and shape opinion in Qatar regarding genetic disorders and disabilities resulting from consanguineous marriage. As the results of this study show, it is imperative to advocate for a change to the cultural and social framework that reproduces and normalizes consanguineous marriages in the region. Policy makers should endorse social, educational, and public health initiatives to mitigate the impact of genetic disease in the Qatari society.
